We present radio observations of the unique, recently formed, planetary nebula (PN) associated with a very long-period OH/IR variable star V1018 Sco that is unequivocally still in its asymptotic giant branch phase. Two regions within the optical nebula are clearly detected in nonthermal radio continuum emission, with radio spectral indices comparable to those seen in colliding-wind Wolf-Rayet binaries. We suggest that these represent shocked interactions between the hot, fast stellar wind and the cold nebular shell that represents the PN's slow wind moving away from the central star. This same interface produces both synchrotron radio continuum and the optical PN emission. The fast wind is neither spherical in geometry nor aligned with any obvious optical or radio axis. We also report the detection of transient H 2 O maser emission in this nebula.
with initial mass ≥ 4M⊙. After rejecting the possibility that the PN arises from shock interaction with the surrounding external medium, or that the star is a "born-again" (e.g., Iben 1984) object that has undergone a very late thermal pulse (e.g., Blöcker & Schönberner 1997) as it began to evolve along its cooling track, CPC speculated that this object represents a phase of PN evolution that has been formerly unobserved. They concluded that this star's fast wind has very recently turned on and it is the interaction between this wind and the previously shed outer layers of the star that produces the ionization that reveals the optical PN.
To explore this intriguing phenomenon further we have undertaken a series of radio continuum and water maser observations with the Australia Telescope Compact Array (ATCA), originally with the objective of mapping out the spatial distribution of ionized material within the PN. Pre-existing radio data are discussed in §2. §3 describes the new ATCA continuum and H2O maser observations, while §4 shows an enhanced optical image of the PN. The discussion follows in §5, with our conclusions in §6. Becker et al. (1994) is limited to |b|≤0.4
PREVIOUS RADIO CONTINUUM OBERVATIONS
• . The 1.4-GHz continuum survey of small diameter sources by Zoonematkermani et al. (1990) does include a bright, compact radio object (2.4 ′′ in size) within 7 ′′ of the maser position. However, this survey comprises two 3-MHz wide bands centred at 1441.5 and 1611.7 MHz, so the higher frequency band is contaminated by the strong 1612-MHz maser emission. This problem was recognized by White, Becker & Helfand (2005) 1934-638 which is the primary flux calibrator for the ATCA. The resolutions achieved are given in column(4) ot Table 2 .
The 3, 6, 13 and 20-cm continuum images were made using natural weighting. All 3-cm data were used because there were no indications of broad scale Galactic emission. We cut out 6-cm data with uv-distances <2 kλ to eliminate a low-level extended wash of Galactic emission and this radically improved the imagery. For the 13 and 20-cm data we excluded data with uv-distances <3 kλ. For source A, the size was estimated for each waveband by fitting a Gaussian and then deconvolving to remove the ATCA restoring beam. For source B, the Gaussian fitting was consistent in all cases with a point source.
A description of Table 2 Source B is much weaker than A, but the slope of the radio continuum emission is defined by robust detections at 6 and 13 cm.
Source B appears to suffer substantial absorption at 20 cm ( In Figure 3 , a weak structure appears to provide a link between sources A and B at 13 cm ( Fig. 1 ). However, this is only a 2σ detection and is not confirmed. There is no evidence for diffuse radio continuum emission filling the entire PN.
The projected mean distances from the stellar position to the peaks of sources A and B are the same, within the uncertainties:
10.4±0.7 ′′ (A) and 9.9±0.8 ′′ (B). the red peak has a flux density of 0.21 Jy. From these limited data we were unable to measure the maser positions. We can infer only that we observed two blobs of water maser emission, but we cannot interpret the peak velocity differences in terms of relative locations of the masing species. It is also noteworthy that the water maser shows that the outer boundary of the PN is quite sharply defined around most of its circumference. Emission can clearly be seen above the sky over most of its projected area although the brightening of the south-eastern region is particularly striking. There is also the suggestion of a northward extension although this is very faint and merges imperceptibly with the interstellar medium (ISM).
The north-south extent could be as much as 20% greater than the east-west diameter in this newly processed image. Fig. 8 shows the 
DISCUSSION
Nonthermal emission from early-type stars was found in WolfRayet stars (WRs) by Abbott, Bieging, & Churchwell 1984; Abbott et al. 1986; Bieging et al. 1989) . Its origin lies in the acceleration, by strong shocks, of a small population of relativistic electrons (White 1985) . In WR binary systems these shocks arise from the collision of the separate winds of the two components. It is less certain whether the phenomenon occurs in single WR stars.
The paradigm applied to OH 354.88-0.54 involves a single star but two stellar winds from different phases of evolution. Absorption of synchrotron emission has been observed in colliding winds from WRs by Chapman et al. (1999) , who attributed this to thermal absorption by gas along the line-of-sight through the ionized wind.
The observed continuum energy distribution for WR 48 (Chapman et al. 1999, Fig. 11 Locating source A near the front side of the PN, as we view it, would account for the lack of absorption in its radio spectrum.
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Estimates of electron density
The PSF-subtracted image of the PN (Fig. 7) indicates that the Hα brightness varies significantly across the PN suggesting that the electron density also varies. It is also possible that the southern rim of the PN is brightest because the PN's slow wind suffers a shock at the interface with the ISM. Source A lies within the western portion of the brightest (southern) region of Hα emission, for which CPC determined Ne ∼4000 cm −3 , whereas B appears in an area of much lower Hα brightness to the north (Fig. 7) . We can use the turnover in source B's radio spectrum to estimate the mean electron density through the nebula in its direction. CPC).
Possible free-free emission in source B
We also consider whether the apparent excess of 3-cm emission in B, above the nonthermal slope, might be due to free-free emission, as seen in WR stars. Firstly we have separately analyzed the two 3-cm data sets to investigate the reality of this excess by fitting a point source to the calibrated u-v data. This should give a more reliable flux estimate than fitting in the image plane, if there were no confusion and the emission were unresolved. We find 0.61±0.03 mJy To estimate the expected radio free-free level we have applied an absolute calibration to the Hα image of the nebula according the method described by Pierce (2006) This is convertible into the radio free-free flux density using Condon (1992: eqns. (3) and (4a)). The estimated free-free emission at 3 cm, for the entire nebula, is 0.33 mJy and this is comparable to the excess emission detected at 3 cm. Source B was unresolved and thus only occupies a small part (less than about 2%) of the nebular area. For a uniform distribution the predicted freefree emission from source B would be less than 0.01 mJy. However, one would expect the radio thermal emission to follow the Hα brightness distribution and, therefore, to be patchy. There is precedent for this in the Luminous Blue Variable HD 168625 (Leitherer et al. 1995) , where the radio continuum shell closely mimics the 
Background source contamination
Both sources A and B are located within the ring and no other strong background objects are apparent. One can ask whether sources A and B are truly associated with the PN or might represent a double radio source viewed by chance along the line-of-sight. Inspection of our observed images covering the ATCA primary beams at 20 cm (∼1000 arcmin 2 ) and 6 cm (∼80 arcmin 2 ) suggests that 7 and 3 sources, respectively, are recognizable above the noise, at all flux densities, and none appear double. Calculating the formal extragalactic confusion from Log N−Log S relationships at 20 and 6 cm (Ledden et al. 1980; Bridle 1989) are several other arguments that imply a physical linkage with the PN: they have statistically the same nonthermal radio spectral indices instead of the more common thermal sources found along the Galactic plane; there may be a faint connection between the emission of A and B; and A lies very close to the edge of the PN and is clearly curved, roughly concentrically, with the rim (Fig. 9) , making a physical interaction between A and the ejecta that define the PN rim highly plausible.
Radio luminosity and kinetic energy: comparison with WR stars
We have compared our continuum observations at different epochs and see no indications of variability at any of the wavelengths observed over a period of 1.5 yr. Chapman et al. (1999: their For a smooth distribution this suggests that the KE could be about 100× higher than at the shock. However, if the fast wind is clumpy or asymmetric then this is likely to be considerably overestimated.
As an example, we consider a scenario where 10% of the total KE flux reaches the detected shocked regions giving a total KE flux of 4.4×10 36 ergs s −1 . For V f ast , the velocity of the fast wind, we adopt 1000 km s −1 . From these values we can crudely estimate the mass-loss rate of the fast wind to beṀ f ast ≈1.2×10 −5 M⊙ yr −1 .
We now estimate the velocity of the compressed shell (V shell )
for this mass-loss rate. From eqn. (9) 
Wind interactions
Despite the roughness of these estimates they do provide an idea of the relevant interactions. The fast wind ploughs into the slow AGB wind creating shocks, non-thermal emission and a compressed shell on the inner face. If the fast wind has a momentum (Ṁ f ast ×V f ast ) that is roughly comparable to (or greater than) that of the slow wind then, when they collide, the slow wind is compressed and accelerated and this increase in velocity is indicated by the velocity of the optical emission. The shock excitation must be stronger in the compressed intranebular shell than at the ISM and the rather high density derived from the red [SII] doublet is more suggestive of a post-shocked region rather than a typical PN envelope. Therefore, it is more likely that the optical emission in the PN arises at the interface of the fast wind and AGB wind, rather than at the interface of the AGB wind and the ISM.
The geometry of the emerging fast wind is unknown because any spherically symmetric flow from the star would be immediately modified by its encounter with the dense circumstellar OH toroid. Naively, were this toroid to constrain the fast wind to the polar directions (north-south) in which OH maser emission is weakest (Welty, Fix & Mutel 1987) , one might expect to see nonthermal "hot spots" in two opposing directions. There is evidence of a 10-µm source around the star that is significantly elongated northsouth (Cobb & Fix 1987 ) but this need not trace any dynamical structure. In fact, Figure 7 suggests that sources A and B do not correspond to a bipolar wind encountering a spherical distribution of slowly-moving ejecta. Consequently, one might have to invoke either a fast wind capable of breaking out of the OH toroid in any region of locally reduced density, or a non-spherical distribution of the original PN ejecta, or both. However, Table 2 shows that both sources appear projected in the sky at the same radial distance from the central star. This is consistent with a spherical ejection for the slow wind. The natural direction for any asymmetry of the fast wind or of the original debris would be in the direction roughly from northwest to southeast of the star, based on the morphology of the Hα nebular brightness and the line bisecting sources A and B through the possible weak bridge of emission observed at 13 cm (Fig. 3) . There is also evidence for a preferred axis in the same p.a. uniqueness, in that it is still a pulsating long-period variable after it has already created a visible PN, simply because the time scale for stellar evolution is much shorter for a 4 M⊙ star than for a solarmass object.
CONCLUSIONS
The ionization of the PN associated with OH 354.88-0.54 appears to arise through shock interactions between the AGB star's fast wind and previously ejected cold nebular material. Our discovery of patches of nonthermal radio emission in this PN suggests a kinship with colliding-wind WR binaries but, in OH 354.88-0.54, the two winds were produced by a single central star. The locations of the shocked, nonthermally emitting, regions do not suggest a spherical interaction zone between the winds, nor do they align with any geometrically meaningful direction in the PN itself. However, the nonthermal regions each show the same projected distance from the central star in the plane of the sky, and there is the possibility that faint radio emission links the two regions. These characteristics suggest that the anisotropic fast wind collides with the continuous inner spherical surface of the slow wind. Therefore, this PN offers a rare opportunity to recognize the nonspherical geometry of the fast wind, close to the time of its onset.
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